Lactic acid bacteria (LAB) were isolated from the bile, gizzard, intestine and caecum of the Malaysian domestic non-broiler chicken. Of the 56 isolates grown on MRS agar plates, 7 -namely, B3L3, B4L4, G5L5, B5L6, B10L7, I1L8, and C4L10 -showed inhibition against the methicillin resistant Staphylococcus aureus (MRSA). These isolates were all Gram positive cocci, non-spore forming, and catalase negative. The purified fraction from the three phase partitioning (TPP) method, employing t-butanol and ammonium sulfate, produced inhibitory zones of 8 to 18 mm in diameter on the indicator organism, Staphylococcus aureus (MRSA). The TPP purified fraction contained heat stable proteins of about 10 kDa in size and was inactivated by trypsin. Based on the partial rDNA sequences (>89% similarity), isolates B4L4 and G5L5 belonged to Enterococcus hirae; isolate B3L3 belonged to Enterococcus faecium; isolates B5L6, B10L7, I1L8 to Enterococcus faecalis; and isolate C4L10 to Enterococcus mundtii. These probiotic strains, exclusively isolated from the Malaysian non-broiler chicken, produced an antimicrobial protein or bacteriocin which was active against a pathogenic strain of methicillin resistant Staphylococcus aureus (MRSA).
INTRODUCTION
Antibiotics have been commonly used, at subtherapeutic levels, as growth promoters in animal feeding for almost half of the past decade (Dibner and Richards 2005) , and their use has improved the growth of, and feed conversion in poultry and some other animals (Shin et al. 2008) . However, the emergence of a bacterial population resistant to antibiotics has become a major public health concern. In the poultry industry, enteric diseases are a major issue because of the huge impact on productivity, mortality and the associated contamination of poultry products destined for human consumption (Patterson and Bukholder 2003) . For these reasons, and because of concern over the presence of residual antibiotics in meat and the growing interest in organic food, the search for an alternative to antibiotics has become inherent in natural product screening research. Probiotics have the potential to reduce enteric diseases in poultry and the contamination risk in meat products. Probiotics are a live microbial feed supplement which positively affects the health of the host animal by improving the intestinal balance of microbiota (Fuller 1989) . Ideally, microorganisms used in feed additives should originate from the microbiota of the target animals (Kosin and Rakshit 2006) . Most of the microorganisms are lactic acid bacteria (LAB), the normal intestinal microflora that can be found in both human and animals (Gilliland 1990 , Vaughan et al. 2005 . Lactic acid bacteria could inhibit pathogenic organisms by producing antimicrobial substances such as acid, diacetyls, hydrogen peroxide, and bacteriocin (Holzapfel et al. 2001) . Bacteriocins are ribosomally synthesized proteinaceous antibacterial substances, produced by bacteria and probably by all prokaryotic species. Most of the bacteriocins produced by Gram-positive bacteria are from LAB (Ennahar et al. 2000 , Garneau et al. 2002 .
The emergence of a pathogenic strain as the result of globalization, economically affects both the veterinary and public health sectors. Staphylococcus aureus is one of the most serious human pathogens that is associated with serious nosocomial and community-acquired infections. The methicillin-resistant Staphylococcus aureus (MRSA) is a multidrug-resistant oxacillinresistant Staphylococcus aureus (ORSA). MRSA strains are now resistant to beta-lactam antibiotics and responsible for several difficultto-treat infections. The S. aureus strain in chicken is believed to have originated from that of the human strain. In poultry, S. aureus is also a major cause of skeletal infection which has contributed to substantial loss in the global broiler industry (Lowder et al. 2009 ). For over half of the past decade, limited breeding lines have been introduced into the broiler industry. This has globally magnified the genetic pool of susceptible flocks that are prone to some new pathogenic strains (Manning and Baines 2004, Lowder et al. 2009 ). S. aureus is associated with several infections in poultry including septic arthritis, subdermal abscesses and gangrenous dermatitis (McNamee and Smyth 2000) . A new form of S. aureus causing bacterial chondronecrosis with osteomyelitis (BCO) in broilers has been described by Nairn and Watson (1972) . Hence, the ability of the LAB strain to inhibit S. aureus would have the advantages of future exploration of their application not only in animal streptococcal diseases but also in human streptococcal diseases. Unfortunately, many of the studies of LAB from poultry were based on its isolation from broiler chickens, which had been subjected to varying degrees of antibiotic consumption. The study on the Thai broiler chicken had isolated Enterococcus strains (E. faecalis, E. durans, E. faecium) and Pediococcus pentosaceus; however, one isolate from Thai indigenous chicken was not reported (Musikasang et al. 2009 ). Enterococci isolated from the digestive tract of domestically reared chicken showed stronger inhibitory activities against enteropathogenic E. coli and Salmonella (Miteva and Boycheva 2008) . In this work, we have used the non-broiler chicken as the target source for LAB which was further studied for future use as a probiotic in broiler chicken. The non-broiler chicken is mainly fed with household food which is generally free of antibiotics and the confinement of large-scale production. Therefore, the objective of the work described in this paper was to isolate LAB strains from nonbroiler chicken, and investigate the antimicrobial potential of the protein or bacteriocin they produced against common pathogens such as Staphylococcus aureus.
MATERIALS AND METHODS

Isolation and identification of LAB strains
A Malaysian non-broiler chicken referred to as 'ayam kampong' was slaughtered and dissected to collect the intestine, gizzard, bile and ceca. These tissues were cut into pieces (approximately 1.0 g), homogenized and each sample was suspended and serially diluted into de Man, Rogosa and Sharpe (MRS) broth (Difco, USA). Each dilution was incubated at 37 °C for 24 to 48 h. Following incubation, 0.1 ml of each dilution was plated on MRS agar (Difco, USA) and incubated at 37 °C for 24 h. Single colonies were picked out from the agar plates containing 10 -6 sample dilution, subcultured onto MRS agar and further incubated at 37 °C for 24 to 48 h, until the colonies became visible. To test for antimicrobial activity, the disc diffusion method was employed. Staphylococcus aureus MRSA obtained from the Institute of Medical Research (IMR), Kuala Lumpur was used as the indicator organism. The indicator cell was cultivated in 10 ml mannitol salt medium (Sigma, USA) up to 10 6 CFU.ml -1 , and spread on MRS agar. The selected strains (with inhibition) were subjected to morphological (Gram staining), physiological (growth pH and temperatures), and biochemical tests (catalase). Selected sugar fermentations tests were carried out using an API 50CH identification kit (BioMérieux, France).
The genotypic identification of the Enterococci strains was determined on the basis of 16S rDNA sequencing according to Diop et al. (2007) . The 16S rRNA gene fragment of ~1.5 kb was amplified using a pair of universal primers pA forward (5'-AGAGTTTGATCCTGGCTCAG-3') and pE reverse (5'-CCGTCAATTCCTTTGAGTTT-3') (Edwards et al. 1989) . DNA template (5 µl), each forward and reverse primers (5 µl, 10 pmol) and 25 µl of a 10x PCR master mix buffer (Fermentas, Lithuania), in a total reaction volume of 50 µl. The 10x PCR master mix contained 50 mM dNTP each (dATP, dCTP, dGTP and dTTP), 3 mM MgCl 2 , 100 mM KCl, 20 mM Tris-HCl, pH 8.3 and 0.1 U. µl -1 Taq polymerase. The amplification program was as follow: 95 °C for 5 min, 30 cycles of 95 °C for 1 min, 55 °C for 40 s, 72 °C for 1 min with a final extension at 72 °C for 5 min and holding at 4 °C for 1 h. After amplification, 5 µl PCR products was subjected to agarose gel electrophoresis (1.0% agarose, 1x TAE buffer, 100 V) for 2 h and the 1 kb molecular size standard ladder (Fermentas, Lithuania) was used. The gel was prestained with ethidium bromide and analysed using a gel imager (Alpha Imager). The 16S rDNA sequencing was carried out using a sequencing service provided by First BASE Laboratories Sdn. Bhd. Malaysia. Sequence homology and analysis were performed using an on-line BLASTN tool program available at the National Center for Biotechnology Information, NCBI, accessible at http://www.ncbi.nlm.nih.gov. The phylogenetic tree was also generated using software Geneious version 6.0.5 using the neighbour joining method.
Extraction of bacteriocin by three-phase partitioning (TPP) method
Protein purification using three-phase partitioning (TTP) method was employed based on Denisson (Dennison and Lovrien 1997) . Following overnight incubation at 37 °C for 24 h, broth cultures at 10 6 CFU.ml -1 were centrifuged and the pellets were suspended in 450 µl of extraction buffer (25 mM Tris-HCl, pH 8.0, β-ME, PMSF) followed by the addition of 300 µl of 4.0 M (NH 4 ) 2 SO 4 . About 750 µl of t-butanol (at ratio 1:1) was added. The mixture was stirred and centrifuged at 10,000g for 3 min to produce three phases which was the first TPP step. The middle layer (as disk interface) contained the remaining high molecular weight contaminant and debris Lovrien 1997, Dennison et al. 2000) . During the first TPP step, the small molecular weight bacteriocin does not precipitate. Then, the lower aqueous layer was subjected to second addition of t-butanol (ratio 1:1) and the middle layer containing precipitated bacteriocin was collected and dissolved in 500 µl of extraction buffer. The solution was subjected to chloroform/ methanol precipitation to remove the salt and concentrate the protein. The purified protein (TPP extract) was then subjected to further analysis. To visualize the protein, the extracts were subjected to SDS-PAGE carried out based on Laemmli (1970) .
Disc diffusion studies
Isolates from the diluted samples were screened for antimicrobial activity using the paper discs test (Schillinger and Lucke 1989) . Sterile paper discs (Whatman, 6 mm diameter) were soaked into 20 µl of TPP extract and were placed on plates pre-streaked with the indicator strain (S. aureus). Following incubation at 37 °C for 18 to 24 h, the plates were examined for any presence of zones of inhibition.
Effects of temperature, pH, enzymes, and chloroform on bacteriocin from the isolates The thermal stability of the bioactive agents produced by the isolates were tested by incubating the purified extract at different temperatures: 60 °C for 1 h, 70 °C (30 min), 80 °C (30 min), 90 °C (30 min), 100 °C (30 min), 121 °C (15 min) and 4 °C (for several days). The sensitivity patterns were checked using the agar disk diffusion method against the indicator organism. The pH sensitivity tests were checked by adjusting the extract to different pH of 4.0, 6.0 and 10.0 and tested using the agar disk diffusion method for the presence of the zone of inhibition. In the enzymes tests, catalase, trypsin, proteinase K and lysozyme were incorporated into the TPP extract at a concentration of 1.0 mg.ml -1 (Muriana and Klaenhammer 1991) . These were then placed into agar wells and incubated at 37 °C overnight. The inhibition against the indicator organism was recorded. The activity of the bacteriocin in the presence of chloroform was performed by mixing the culture supernatant with chloroform (at ratio of 1:1), incubated for 30 min followed by evaporating the remaining solvent before testing against the indicator organism (Rasool et al. 1996) .
RESULTS AND DISCUSSION
Isolation and characterization of LAB Fifty six colonies were picked up from samples taken from various organs of non-broiler chicken including gizzard, intestine, bile and cecum. There were seven strains chosen for the following analyses (Table 1) . These seven isolates namely B3L3, B4L4, G5L5, B5L6, B10L7, I1L8, and C4L10 were selected to show inhibitory activities on disk diffusion method using S. aureus MRSA as the indicator organism (see Table 4 ). These colonies appeared turbid-white round with coccoid morphology with Gram-positive staining properties (single, double or tetrad), non-motile, non-spore forming and catalase-negative (see Fig. 1 ). Table 2 indicates several physiological characteristics for the selected isolates. Based on Bergey's manual, the preliminary result from morphological, physiological and biochemical studies identified these isolates as Enterococcus sp.
PCR amplification of rDNA gene from all seven isolates yielded a 1500 by product corresponding to the expected size of rDNA gene of 1.5 kb (Fig. 3) . The partial rDNA sequences of the genes were subjected to homology search and the organisms are considered as belonging to the same species if they show 70% or more homology (Farrow and Collins 1985) . An homology search gave the similarities of more than 89% for all of the sequences, as shown on Table 3 and Fig. 5 . These sequences were submitted to the Genbank (NCBI); and each was then assigned an accession number as follows: KC731419 for (Audisio et al. 1999, Miteva and Boycheva 2008) . In addition, several other works on poultry assert that the LAB isolates belong mainly to the genus Lactobacillus (Miles et al. 1981 , Lan et al. 2003 . The genus Enterococcus consisted mainly of group D fecal streptococci originally identified under the genus Streptococcus which was later split into Enterococcus, Lactococcus, and Streptococcus (Siragusa 1992) . Enterococci usually produce a bacteriocin called enterocin, and their inhibitory effects have been widely investigated (Khan et al. 2010) . Characterization of purified extract TPP extracts of isolates from non-broiler chicken (B3L3, G4L4, G5L5, B5L6, B10L7, I1L8, and C4L10) containing putative bacteriocins produced a zone of inhibitions of sizes between 8 to 20 mm in diameter against the indicator bacteria in a disc diffusion assay (see Table 4 , Fig. 2 ). The extract from strain C4L10 showed the largest Fig. 2 . Examples of zone of inhibition produced by TPP extract containing bacteriocin from isolates The disk labelled C for isolates C4L10; D for B5L6; and E for B4L4. The negative controls (A and B) contain phosphate buffer. Fig. 3 . Agarose gel electrophoresis of the PCR amplified product using universal rDNA primers producing 1.5 kb rDNA gene fragment from five isolates of non-broiler chicken. Lane 1, 2, 3, 4, 5, 6 and 7 represents sample from Isolate B3L3, B4L4, G5L5, B5L6, B10L7, I1L8, and C4L10, respectively. The first lane on the left is the standard 1 kb DNA molecular weight marker ladder (Fermentas).
zone of inhibition; of approximately 20 mm diameter. As shown on Fig. 4 , the SDS-PAGE gel electrophoresis of the TPP sample extract from two of these isolates, namely C4L10 and B3L3, showed up as a protein band of size approximately at 10 kDa. Meanwhile, a first report on bacteriocin called Hiraecin S produced by E. hirae showed inhibitory activities towards many Gram positive pathogens; however its molecular weight was not reported (Siragusa 1992) . Other works had also reported on low molecular weight size bacteriocin; and Enterococcus could produce low molecular weight bacteriocin of varying sizes ranging from 2-7 kDa (Nes et al. 2007 ). The TPP fraction containing purified bacteriocin retained inhibitory activities at 60 ºC for 60 min, 70 and 90 ºC for 30 min, as shown in Table 5 . Other stability studies were also carried out as shown in Table 5 . The pH stability range was found to be between 5 and 8.5 and the inhibition was however rapidly inactivated with strong alkaline pH ( Table 2 ). These observations are comparable with the results reported in other works on bacteriocin from Enterococcus (Batdorj et al. 2006 , John et al. 2009 , Simova et al. 2009 , Kumar et al. 2010 . However, the reduction in inhibitory activity at strong alkaline pH could also be due to a reduced solubility and aggregation due to hydrophobicity of bacteriocin molecules affecting their affinities for the cell surfaces of the indicator strains (Jack et al. 1995) . Treatment with trypsin resulted in a total loss of inhibition. No change was observed following the treatments with catalase, lysozyme and proteinase K. Similar observations with no change in the size of the inhibition zone were made after treatment with chloroform (see Table 5 ). These results confirmed the proteinaceaous nature of active inhibitory compounds in the TPP extract. On the basis of its proteinaceous nature, heat resistance and inhibitory spectrum, the bioactive substance from this isolate can be classified as small heat-stable peptides which presumably belong to class IIb bacteriocins (Nes and Holo 2000) . Since they have a wide range of temperatures and pH stabilities, this bacteriocin has useful features for industrial applications. Production of bacteriocins from enterococci, referred to as enterocin, could have application as a biopreservative in dairy or meat fermentation products (Franz et al. 2007 ). The ability of this group, in producing bacteriocin, to inhibit Gram positive food spoilage bacteria such as Listeria monocytogenes, Staphylococcus aureus, Bacillus cereus and Clostridium botulinum is of particular interest (Bredholt et al. 2001 , Cotter et al. 2005 . 5 . The phylogenetic tree constructed from the BLASTN search tool for ribosomal DNA (rDNA) gene sequence copy of the strain B3L3, B4L4, G5L5, B5L6, B10L7, I1L8 and C4L10. The tree was generated using the fast minimum evolution method with maximum sequence difference at 0.1 minimum. The horizontal scale indicates evolutionary distance. The branch-nodes indicate how the strains radiate among other gram positive isolates, and E. coli was used as an out group. In conclusion, we have successfully isolated from local non-broiler chickens several strains from the genus Enterococcus: strains B3L3, B4L4, G5L5, B5L6, B10L7, I1L8, and C4L10, belonging to coagulase negative Enterococcus sp. All of these LAB strains were capable of producing bacteriocin homogeneously purified by the three phase portioning TPP method, and used for further characterization. The putative antimicrobial protein or bacteriocin of size 10 kDa from these strains showed wide pH or temperature stabilities, and belonged to the Class IIb type bacteriocin. This protein showed antimicrobial activities against the methicillin resistant Staphyloccoccus aureus (MRSA). These strains and the bacteriocins they produce have great potential for uses in various applications in food preservation, animal feeding and as an antimicrobial agent for the treatment of human diseases caused by a Gram positive pathogen such as Listeria. Even though the future use of these strains as human probiotics may be subjected to safety issues, as their active inhibition against pathogens has demonstrated, future genetic modification will be expected to enhance their uses. As far as we are concerned, this is one of a very few reports on the isolation of LAB producing bacteriocins from non-broiler chickens in Malaysia or elsewhere.
